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Description 

The present invention relates to a method and an 
apparatus for the photometric determination of proper- 
ties of individual pieces of meat wherein the optical prop- $ 
erties of the meat are measured in a wide wavelength 
range, and the measured values are evaluated by 
means of a microcomputer system. 

The colour of meat is often considered to be a qual- 
ity parameter. For some types of meat the consumers 
prefer light-coloured meat, and for other types of meat 
they wish a strong colour. On certain markets the cus- 
tomers demand that pigmeat delivered must be strongly 
coloured as this ensures that the buyer is not supplied 
with the so-called PSE-meat, which has a light colour 
and a poor juice-binding capacity, due to a low pH-value 
shortly after slaughtering. Normally, the colour does not 
affect the quality of pigmeat, since normal light-coloured 
meat has the same juice-binding capacity as dark meat. 
For the above reasons, difficulties may arise on de- 
manding markets, however, as to selling the light-col- 
oured but otherwise normal pigmeat, which may be mis- 
taken for PSE-meat. 

For slaughterhouses and the meat processing in- 
dustry it may be essential to prove to the customers that 
the light meat colour is due to a low content of pigment 
in the meat, and that the meat quality is in order. In the 
manufacture of processed meat products it is also very 
important to indicate that the light meat colour is caused 
by a low content of pigment, so that the meat may be 
used in the normal production. It would be too expensive 
having to sort out all light-coloured pieces of meat for 
an inferior production. Myoglobin and residual haemo- 
globin constitute the pigment of the meat. 

There are known methods of analysis for determi- 
nation of the content of pigment in pigmeat, but these 
methods are so laborious and time-consuming that they 
are inapplicable for control under production conditions. 

Also photometric methods for determination of the 
colour of meat are known, but these are not suitable to 
establish whether a light colour of pigmeat is due to a 
low content of pigment. 

Danish Patent Application No. 4211/86 describes 
an instrument for the classification of fish meat accord- 
ing to colour. 

The instrument comprises a source of light for the 
illumination of the fish meat, a prism system to disperse 
the reflected light into a spectrum, and a line of photo- 
diodes which are placed in the spectrum in such a way 
that each diode receives light at its own individual wave- 
length. The intensity of the light in the spectrum is reg- 
istered at the wavelengths where haemoglobin has a 
special light absorption characteristic, the diodes corre- 
sponding to these wavelengths being connected with a 
reading and memory unit. The light intensity is regis- 
tered at 540-580, 425 and 625 nm. The latter is used as 
a reference. 

The registered values are compared by means of a 


microprocessor to the values of three stored sets of val- 
ues, each representing a class of colour. The class of 
colour of the fish meat is determined as the set which 
shows the best agreement between the registered val- 
ues and the stored values. 

Another device and test method for the determina- 
tion of the colour of pigmeat and veal meat are described 
by H.J. Swatland in Can. Inst. Food Sci. Technol. J. J9, 
(1986), pages 170-173. The instrument is provided with 
a probe which is designed to be inserted into the piece 
of meat, the colour of which is to be measured. In the 
probe there are two bunches of optical fibres which pro- 
duce the illumination of the meat and which lead the re- 
flected light into a prism system. 

In one of the tests described the reflection of pig- 
meat is measured in the range of 400-700 nm. The pig- 
meat used was selected as a representative of meat 
with an ideal colour and meat with some degree of PSE. 
As was to be expected, it is ascertained that the PSE- 
meat is lighter in colour than the ideally coloured meat 
over the whole range of wavelengths. The article does 
not deal with the content of pigment in pigmeat and the 
risk of mistaking meat with a low content of pigment for 
PSE-meat. Accordingly, this method applied is not suit- 
able for detecting whether the light colour of pigmeat is 
due to a low content of pigment. 

A method and an apparatus for the photometric de- 
termination of properties of individual pieces of meat, 
particularly the determination of the color grade of fish 
flesh is known from EP-A3-221 642. 

This prior art method is based on the determination 
of hemoglobin which is the dominant colorant in fish fil- 
lets. The light reflected from the sample is measured at 
a plurality of frequencies at which hemoglobin displays 
light absorption characteristics. This set of measured in- 
tensity values of reflected light is compared with prees- 
tablished sets of these values, and the color grade of 
the sample is determined by determining the closest 
stored set of values. 

It is the object of the present invention to provide a 
quick method and an apparatus for the determination of 
properties of meat, including fish meat, and particularly 
the content or concentration of one or more substances, 
such as the pigment, in individual pieces of meat, par- 
ticularly pigmeat. 

On-line application of the method on a slaughterline 
or production line should be possible, ensuring a quick 
result of determination so that the pieces of meat may 
be graded or marked immediately in accordance with 
the determined property, particularly the content of pig- 
ment. 

The above object is achieved according to the in- 
dependent claims. The dependent claims relate to pre- 
ferred embodiments. 

The property C of meat to be determined is prefer- 
ably the concentration of a substance comprised in the 
meat, which is calculated from the measured intensities 
of reflected light to R n . 
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The measuring means preferably comprise disper- 
sion means for dispersing the reflected light in depend- 
ence of the wavelength, preferably a spectrophotome- 
ter. 

The method of the present invention is based on the 
registration of a large number of values of reflection over 
a wide range of wavelengths. In addition, all the values 
are used and inserted into a suitable equation or equa- 
tion system, which is preferably a multi-variable calibra- 
tion model or algorithm, for the calculation of the respec- 
tive property. The advantage of this method is that it is 
possible to eliminate to a high degree disturbing signals 
from other substances than the one or those being 
measured, since the model or equation or equation sys- 
tem (in the following simply referred to as algorithm) is 
based upon and utilizes the values of reflection at all the 
wavelengths of the selected range. They all contribute 
information increments relating to one or more sub- 
stances. This is quite different from the photometric 
methods usually being applied, where the noise is elim- 
inated by narrowing the width of the range of measure- 
ment. 

It has been shown that the method according to the 
invention is suited for determining the content of differ- 
ent substances in meat, e.g. the content of pigment. The 
pigment content is determined with a higher accuracy 
than by conventional photometric methods which are 
based upon the value of reflection at one wavelength or 
upon one value of reflection which covers a very wide 
range of wavelengths. 

In order to ensure a high accuracy, registration of 
the optical values should be performed in the entire, 
wide range of wavelengths which by estimation or tests 
has been determined to be of interest, and all the reg- 
istered values should be used and inserted into the al- 
gorithm which should have a corresponding number of 
variables. The wavelengths to \ are preferably ap- 
proximately evenly distributed over the respective 
wavelength range, thus covering a continuous wave- 
length range. 

The fundamental rule of the method of the invention 
is that the value of reflection intensity (or the reflectance, 
which is the normalized reflection intensity) should be 
determined for all the wavelengths of the selected 
range, and that the algorithm should also have its full 
size with many variables. Only if it can be proved posi- 
tively that some bands have a negative effect or are 
without any effect, they may be omitted. For reasons re- 
lating to the complexity of the instrument or the calcula- 
tion some wavelengths may be omitted, e.g. every other 
wavelength or wavelengths of a band which are situated 
on the fringe of the selected range. 

There are mathematical models and software which 
make it possible to develop a multi -variable algorithm 
which is suitable for the calculation of the concentration 
of a substance. They are known under the designation 
of multi-variable calibration models, see Example 1 , part 
D (Algorithms). 
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The meat surface may be the outer, cut surface of 
a meat piece, or the surface resulting from inserting a 
needle- or rod-shaped probe having an optical window. 

The method according to the invention may be used 
5 to determine in meat the concentration of a substance 
that has an absorption curve which is different from that 
of other substances of the meat. The determination 
could for instance concern the concentration of pigment, 
protein, fat or water. The concentrations of these sub- 
io stances form essential parameters of meat quality. 

The present method may be applied to meat, such 
as red meat from pigs, bulls, young steers, calves, deer, 
sheep, lambs or other tissue parts of slaughtered ani- 
mals. 

is in a preferred embodiment of the invention the 
number of wavelengths (^ to X n ) and variables is 1 5 or 
more and preferably 30 or more. The application of a 
low number of variables will simplify the procedure of 
calculation, but the accuracy of the determination will be 

20 decreased. It has been shown that a good accuracy of 
determination may still be achieved by using only 32 var- 
iables. 

The number of wavelengths and variables used 
may be lower than 600, and preferably lower than 300. 

25 The application of a high number of variables may in- 
volve the risk of an overinterpretation of the values of 
reflection, but on the other hand, the accuracy of deter- 
mination is increased by using a correct, complete algo- 
rithm. It has been shown that the calculation may be 

30 made within the time available, and that a very good ac- 
curacy of determination may be obtained by applying 
128 variables. 

The accuracy of the method may also be improved 
by registration of the values of reflection intensity in a 

35 wide range of wavelengths, so that a substantial part of 
the absorption curves for the substances of interest 
comprised in the meat falls within that range. Preferably, 
the series of different wavelengths comprises a range 
of at least 100 nm and particularly of at least 200 nm. 

40 A substantial part of the absorption curve of the sub- 
stances often falls within the visible range, as is the case 
with for instance the determination of pigment. In a pre- 
ferred embodiment of the present invention, the series 
of wavelengths comprises a part, e.g. the main part, of 

45 the visible light region. This covers the range from 250 
to 800 nm. 

In the near-infra-red region (NiR) certain substanc- 
es have characteristic curves of absorption, e.g. pro- 
teins, fat and water. The series of different wavelengths 
50 may therefore comprise wavelengths in the NIR region, 
covering the range from approx. 800 to approx. 2500 
nm. 

In this specification, by the term wavelength it is to 
be understood not exclusively a discrete wavelength but 
55 also a number of wavelengths comprising a narrow or 
discrete band. The width of each of these bands is pref- 
erably 1 to 20 nm. This gives sufficiently detailed infor- 
mation of the course of the curve of reflection. The 
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bands need not necessarily be of the same width 
throughout the spectrum or the continuous wavelength 
range. 

For optical reasons the width of the bands at short 
wavelength will often be smaller than that of bands at 
the long-wave end of the region. If desired, the values 
of reflection intensity may be processed (e.g. normal- 
ized) so that the differences are smoothened. 

In accordance with a preferred embodiment the 
multi-variable model or algorithm corresponds to the fol- 
lowing formula: 

wherein C is the property of interest, particularly the con- 
centration of a substance of the meat, to R n are the 
intensities of reflected light measured at the respective 
wavelengths to X n ), and ko to k„ are predetermined 
constants. 

The multi-variable equation or algorithm is prefera- 
bly provided by multi-variable calibration model by 
means of a set of calibration data consisting of values 
of optical properties measured at a plurality of different 
wavelengths and reference values of the respective 
properties, e.g. the concentrations of the substance. 
The values of the reflection intensity at the different 
wavelengths are determined on a number of samples, 
e.g. 50 samples of meat. Preferably, there is a good 
span in the sample material. The concentration of the 
substance of interest is then determined, such as the 
content of pigment, in each of the samples by a reliable, 
well-known method of analysis. The data obtained may 
easily be processed in a computer program. The pro- 
gram will calculate the constants of the multi-variable 
algorithm as those values which in toto give the best 
agreement between the values of the concentrations 
calculated by means of the algorithm and the reference 
values. 

Reference values for another substance of the sam- 
ples may also be fed into the program, such as the con- 
tent of fat, and then the program calculates the con- 
stants of another model or algorithm. This algorithm may 
then be used to determine the concentration of this other 
substance in the meat. 

A special mathematical method that is applied in 
connection with multi-variable calibration is called the 
partial least squares method (PLS method). This meth- 
od makes it possible to detect, among other information, 
whether a sample or a determination is outside what is 
known from the samples that were used for the calibra- 
tion. In accordance with this, the algorithm may be de- 
termined by the partial least squares method (PLS). 

The apparatus of the present invention comprises 
an instrument for the measurement of the optical prop- 
erties of the meat, and a computer unit designed to re- 
ceive the measured values and for inserting them into 
a mathematical equation or model (algorithm) and per- 
forming the respective calculation. 

The apparatus according to the invention is prefer- 


ably designed to perform the reflection intensity meas- 
urements over a continuous wavelength range. The al- 
gorithm stored in the computer unit is preferably a multi- 
variable algorithm expressing e.g. the concentration of 

5 a substance of the meat, and the optical reflection in- 
tensity values measured are automatically inserted as 
variables into the mathematical model. 

The method and the apparatus of the present inven- 
tion make it possible to determine for instance the con- 

io centration of pigment in individual pieces of pigmeat 
very quickly and accurately. Thus, it will be possible to 
show whether the light colour of a piece of meat is due 
to a low content of pigment, which has not been possible 
with methods and apparatus known so far. The appara- 

15 tus may perform the determination on-line on a slaugh- 
ter or production line, and the result will be at hand so 
quickly that the meat may be graded or marked imme- 
diately in accordance with the concentration of the pig- 
ment found. 

20 in an embodiment, the computer unit includes a pro- 
gram which may provide or adjust the algorithm by multi- 
variable calibration. The optical values which are used 
in the calibration may come from the apparatus itself or 
from other similar apparatus. 

25 An apparatus which includes such a program is 
easy to adjust and to adapt to new purposes. If desired, 
it may be made self-adjustable. 

The computer unit may comprise an output channel 
which is designed to transmit control signals controlling 

30 the transport route of an examined piece of meat and/ 
or to actuate a marking or printing device for the respec- 
tive piece of meat. 

Consequently, it is possible by means of the appa- 
ratus according to the invention to grade or classify meat 

3$ depending on their different concentration of interesting 
substances fully or semi-automatically. 

In the following, the invention will be described with 
further details with reference to the drawings, in which 


40 Fig. 1 


45 


Fig. 2 


50 


Fig. 3 


Fig. 4 


55 Fig. 5 


Fig. 6 


illustrates an apparatus for the determination 
of e.g. the content of pigment in individual 
pieces of meat; 

is a diagram illustrating the correlation be- 
tween the analytically determined content of 
pigment and the calculated content of pig- 
ment by application of an algorithm with 128 
variables; 

is a diagram corresponding to that of Fig. 2, 
but relating to the application of an algorithm 
with 32 variables; 

is a diagram, serving as a comparison, of the 
analytically determined content of pigment in 
relation to the reflectance of the samples at 
552 nm; 

is a diagram showing the influence of the fac- 
tors which are included in the algorithm with 
1 28 variables; 

is a diagram corresponding to that of Fig. 5 
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showing the influence of the factors in con- 
nection with an algorithm with 32 variables; 

Fig. 7 is a spectrum of reflection in the NIR region of 
1 200-2400 nm; 

Fig. 8 is a diagram illustrating the correlation be- 
tween the analytically determined protein 
content and the calculated protein content in 
Longissimus dorsi muscles, and 

Fig. 9 is a diagram corresponding to that of Fig. 8, 
but relating to Biceps femoris muscles. 

The apparatus shown in Fig. 1 is a prefered embod- 
iment and comprises a pistol-like instrument 1 with a 
handle 2 and a probe 3 which is inserted into the piece 
of meat whose content e.g. of pigment is to be meas- 
ured. The side of the probe is provided with a window 4. 

A box 5 is provided with a lamp 6 of xenon or halo- 
gen type which via a set of optical fibres 7 may illuminate 
the meat outside the window 4. Another set of optical 
fibres 8 leads the light reflected from the meat through 
the window 4 to a spectrophotometer 9. The spectro- 
photometer is provided with a grating which disperses 
the light into different wavelengths. The diffracted light 
hits a plate with a line of photodiodes which each regis- 
ter the intensity of the light in the corresponding wave- 
length band. 

Alternatively, a single, quickly registering detector 
may be applied. Further, a scanning spectrophotometer 
may be used. 

The pistol-like instrument 1 may also be provided 
with a lamp and a detector. 

A computer 1 0 is connected to the spectrophotom- 
eter for transfer of data and starting pulses, via control 
circuits the computer is also connected to the power 
supply of the lamp and a button on the instrument 1 . A 
push on the button starts the measuring procedure of 
the computer and releases a flash of light from the lamp 
6, and also ensures that the light reflection signals are 
transferred from the spectrophotometer 9 to a tempo- 
rary memory in the computer. 

A computer program controls the measuring proce- 
dure. The program may include an error routing. Via a 
display 11 the operator is informed of the steps in oper- 
ation. It realizes whether a measuring made may be ac- 
cepted. 

After a provisional approval of a measuring, the pro- 
gram ensures that the results of the measurement are 
transferred to a calculation program in the computer. 
The optical values obtained for the meat are inserted 
into an algorithm which has been stored in the program. 
The program will calculate a value for the quality prop- 
erty being examined, such as the content of pigment, 
and it will check whether the value found is within the 
acceptable limits. Via the display 11 the computer will 
inform the operator of the result, and, if required, transfer 
it to other computers. The display may e.g. show the 
operator how big the content of pigment is, expressed 
in ppm, or whether the piece of meat has a content which 


is within the preset limits, and optionally, into which 
group the piece of meat is to be graded. 

The computer may comprise software which pro- 
vides for the registration of e.g. the number of the piece 
s of meat, and which gives information of this as well as 
of the result. 

Via the output channel of the computer it is possible 
to control automatic marking, printing or grading devices 
in accordance with the result. 
10 If desired, the computer may perform another cal- 
culation cycle with the values by means of another al- 
gorithm expressing another property of the meat, e.g. 
the content of protein. Consequently, the same results 
of reflection intensity measurements may be used for 
is the determination of one, two, or eventually more quality 
properties, depending on the demands and the limita- 
tion of the measuring method. 

The computer may comprise a calibration program 
which in its most simple form transfers a new or adjusted 
20 algorithm to the calculation program. 

Another embodiment of the program may be de- 
signed to make its own calculation of the algorithm on 
the basis of a number of calibration measurements 
made on pieces of meat with a known composition or 
25 content of substances of interest. By means of a math- 
ematical or statistical model the program may perform 
an analysis of the measured values of reflection and the 
corresponding true values, which are fed into the com- 
puter, and to calculate corresponding formula parame- 
30 ters and/or constants. 

By means of this calibration method, minor me- 
chanical, optical or electrical errors in the individual ap- 
paratus may be eliminated. 

In the following, the invention will be described by 
35 way of examples with reference to the drawings. 

Example 1 


40 


Determination of pigment 


Cuts of loin from 23 pig carcasses are used for this 
test. Photometric measurements of the loins are per- 
formed by means of the apparatus described above. 
The probe is inserted into the meat at the hip section 

45 and at the middle section. The reflection intensity at the 
different wavelength bands is registered by 512 photo- 
diodes provided in the spectrophotometer. The total 
range of wavelengths is 360 to 780 nm. Preliminary ex- 
aminations have shown that the relevant information lies 

50 within the range of 400 to 655 nm. 

A - Algorithm with 128 variables 

Based on the approved measurements, the compu- 
55 ter program reduces the number of registered values 
per measurement to 1 28. The program groups the pho- 
todiode values four by four, and the average value of the 
four values of each photodiode set is calculated. 
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The obtained values are put into an algorithm which 
expresses the content of pigment by means of the 128 
values of light reflection intensity at the different wave- 
lengths. The calculated content of pigment is printed out 
or shown on the display 11 . 

Two samples of meat are taken from each loin at 
the spots of insertion, one at the hip section and one at 
the middle section. The samples are analysed for the 
content of pigment according to a variant of a known 
method (H.C. Hornsey, J.Sc.Food Agric. 7, (1956) 
534-540). This modified method ensures that the meas- 
urement is performed on constant dilution, solvent being 
supplemented after the filtration. 

The analytically determined content of pigment of 
the loins and their calculated content of pigment are il- 
lustrated in the diagram of Fig. 2. The points represent 
50 probe measurements. 

As may be seen, there is a very high correlation be- 
tween the analytically determined values (Mab pigment') 
and the calculated values fcalc. pigment'). 

B - Algorithm with 32 variables 

Based on the same measurements of reflection as 
described above the computer program reduces the 
number of values per measurement to 32, the photodi- 
ode values being grouped 16 by 16, and the average is 
calculated. The values obtained are put into an algo- 
rithm with 32 variables, and the calculated content of 
pigment is plotted into a diagram together with the ana- 
lytically determined content of pigment. 

As will appear from Fig. 3, a high correlation is also 
achieved with the reduced number of variables. 

C - Comparison 

By way of comparison it was examined whether 
there is any connection between the reflectance meas- 
ured at the wavelength of 550 nm (552 nm), which is 
characteristic for myoglobin, and the analytically deter- 
mined content of pigment. The points from the same 
probe measurements as those above were plotted into 
Fig. 4. This corresponds to the well-known technique 
where the algorithm has only one variable. 

As may be seen, there is a very poor correlation be- 
tween the measured value and the analytically deter- 
mined content of pigment. 

D - Algorithms 

For the construction and testing of the equations or 
algorithms applied above a program called "Unscram- 
bled is applied, which includes the necessary instruc- 
tions for the construction of different multi-variable cali- 
bration models which are based on the application of 
the PLS method. 

The program makes use of a training or calibration 
set consisting of the reflection values in n different 


10 

bands, together with the corresponding analytically de- 
termined values for pigment. It calculates the constants 
of the equation/algorithm which gives the best prediction 
of this calibration set. Algorithms with a different number 
5 of coefficients/constants may be examined. These are 
expressive of phenomena affecting the variation of the 
values of reflection. The number of factors giving the 
best equation is determined by a so-called cross-valida- 
tion. 

io The equation/algorithm which is provided by means 
of the above-mentioned mathematical analysis, and 
which is applied in above sections A and B, has the fol- 
lowing formula: 

wherein C pig is the content of pigment expressed e.g. in 
ppm, ko to l^ are the constants calculated by the pro- 
gram, and R-, to R n are the values of reflection intensity 
at the different wavelengths. 

20 The data put into the program may be pre-proc- 
essed in order to reduce their number, to counteract sys- 
tematic errors and/or to provide an algorithm with even 
better predictions. Transformations, such as -logR and 
multiple scatter correction (MSC) may be used. 

25 When the program has determined the constants of 
the equation by processing the calibration set, the equa- 
tion or algorithm may be tested by feeding in new values 
of reflection. The agreement between the calculated 
and the analytically determined value of pigment may 

30 then be ascertained. The 50 sets of reflection values, 
for which the content of pigment has been calculated 
and plotted into the Figures 2 and 3, also served as cal- 
ibration sets for the provision of algorithms in A and B. 
It has been shown that the internal structures of the 

35 two algorithms applied are almost identical, which ap- 
pears from Figures 5 and 6 which illustrate loading 
curves for the five functions applied. The loading of a 
function is the weight with which it contributes to the al- 
gorithm in the different dimensions. The loading curves 

40 of Fig. 5 are more detailed than those of Fig. 6, as 128 
variables are applied in the first algorithm, whereas only 
32 are applied in the second algorithm. 

However, in the main the two loading curves are 
identical. It is also evident that there is a high loading of 

45 the fifth factor in the range of 540 to 570 nm. This wave- 
length range is the region in the absorption spectrum 
where absorptions from myoglobin may be expected. 
This illustrates that both of the algorithms actually "ap- 
ply" the content of myoglobin in meat. 

50 

Example 2 

Determination of protein 

55 49 carcasses are used for this test. Photometric 
measurements are made in different muscles by means 
of the same probe and method as in Example 1 . The 
probe is inserted into the muscle whose content of pro- 
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the meat surface at a plurality of different wave- 
lengths (k, to Xfi) within a predetermined wave- 
length range, and 

calculating the concentration of a substance on 
5 the basis of the measured intensities of reflect- 

ed light (R 1 to R n ) in accordance with a multi- 
variable algorithm, 

characterized in that 

10 

a probe is inserted in the piece of meat whose 
content is to be measured, said probe being 
provided with a window, a first set of optical fib- 
ers illuminating the meat outside said window, 
is and a second set of optical fibers leading the 

light reflected from the surface of the meat 
through the window to a spectrophotometer 
registering the light intensities at different 
wavelengths, 

20 - the intensities of reflected light (R-, to Rn ) are 
measured at different wavelengths on a meat 
surface resulting from the insertion of the probe 
in the meat, 

the registered intensities are transferred to a 
25 calculating program in a computer and inserted 

in a multi -variable algorithm expressing the 
concentration of the substance, and 
the concentration is calculated. 


tein is to be determined, and 1,200 reflection intensity 
values are recorded in the wavelength range of 1,200 
to 2,400 nm. The 1 ,200 values are reduced to 120 val- 
ues, since every tenth wavelength is selected. 

Fig. 7 illustrates a typical spectrum of reflection in- 
tensities R obtained in this way from a meat surface. As 
may be seen, the absorption curve has no distinct 
peaks. There is no narrow wavelength range to be seen, 
in which there might be a linear correlation between the 
absorption of light and the content of protein. 

Longissimus Dorsi Muscles 

Measurements of reflections are recorded in 1 9 dif- 
ferent muscles. The content of protein of each muscle 
is determined by Kjeldahl analysis. By means of a PLS- 
ana lysis of all data sets of the reflection intensity values 
and the corresponding Kjeldahl values, an equation/al- 
gorithm is determined for the content of protein (model 
1). Another equation/algorithm is provided in the same 
way for the content of protein (model 2). However, in the 
latter the rough data registered are processed with -logR 
and multiple scatter correction before PLS-analysis. 

The reflection values for seven muscles chosen at 
random are put into the equations (models 1 and 2). The 
results are illustrated in the diagram of Fig. B, where the 
Y-axis represents the calculated protein content, and 
the X-axis represents the analytically determined pro- 
tein content. As will appear from the Figure, there is a 
good correlation between the optically and the chemi- 
cally determined values for the content of protein. The 
correlation coefficients are 0.84 for model 1 , and 0.88 
for model 2. 

Biceps Femoris Muscles 

Measurements of reflections are recorded in 40 dif- 
ferent biceps femoris muscles. The content of protein in 
each of the muscles is determined by means of Kjeldahl 
analysis. A multi -variable algorithm is formed in the 
same way as described above. 

The results of the measurements of reflections are 
then put into the algorithm, and the calculated values 
are compared with the analytically determined values. 
Fig. 9 illustrates that also for this muscle there is a good 
correlation between the optically and the analytically de- 
termined protein values. The correlation coefficient is 
0.76. 


Claims 

1. A method for the photometric determination of the 
concentrations of one or more substances in a 
piece of meat comprising: 

illuminating a meat surface, 

measuring the intensity of light reflected from 


30 2. The method according to claim 1 , characterized in 
that the concentration is calculated in step II in ac- 
cordance with the following equation: 

35 wherein 

R-i, R2. R3. R n are tne intensities of reflected 
light measured at the respective wavelengths 

^1 1 ^2 1 ^31 \\t 
40 and 

ko, k^ k 2 , k 3 , .... kn are predetermined con- 
stants. 

3. The method according to one of claims 1 to 2, 
45 characterized in that the intensities of reflected light 

(R., to R n ) are measured at 30 or more wavelengths 
ft to KY 

4. The method according to one of claims 1 to 3, 
50 characterized in that the intensities of reflected light 

(R., to R n ) are measured at wavelengths (k, to X n ) 
within a range of at least 100 nm and preferably at 
least 200 nm. 

55 5. The method according to one of claims 1 to 4, char- 
acterized in that the intensities of reflected light (B^ 
to R n ) are measured at different wavelengths to 
which comprise a continuous wavelength range, 
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and preferably being approximately evenly distrib- 
uted over the predetermined wavelength range, 
preferably each of the wavelengths {Xy to X n ) rep- 
resenting a wavelength band having a width of 1 to 
20 nm. 5 

6. The method according to one of claims 1 to 5, char- 
acterized in that the predetermined wavelength 
range is at least a part of the region of visible light 
and/or at least a part of the near-infrared region. to 

7. An apparatus for the photometric determination of 
the concentration of one or more substances in a 
piece of meat comprising: 

15 

means (4, 6, 7) for illuminating a meat surface 
and for measuring the intensity of light reflected 
from the meat surface at a plurality of different 
wavelenghts (X, to X n ) within a predetermined 
wavelength range, 20 
calculation means (10) for calculating the con- 
centration of a substance on the basis of the 
measured intensities of reflected light (R-, to 
R n ), and 

output means (1 1 ) for outputting and/or display- 25 
ing a calculated concentration or correspond- 
ing signal, 

characterized in that it comprises 

30 

a probe (3) which is determined and shaped to 
be inserted into a piece of meat whose content 
is to be measured, said probe being provided 
with a window (4), 

a first set of optical fibers (7), optically connect- 35 
ed at one end to a light source (6), the other 
end being optically connected to the window 
(4), for illuminating the meat surface resulting 
from the insertion of the probe (3) in the meat, 
a second set of optical fibers (8), optically con- 40 
nected at one end to the window (4) for receiv- 
ing the light reflected from the meat surface, the 
other end being optically connected to a spec- 
trophotometer (9) selectively registering the 
light intensities at different wavelengths, 45 
a computer (1 0) connected to the output of the 
spectrophotometer for receiving the registered 
intensities being measured at different wave- 
lengths (k, to X^, for insertion of the values in 
a mu It i -variable algorithm expressing the con- so 
centration of the substance, and for performing 
the calculation. 

8. The apparatus according to claim 7, characterized 

in that the spectrophotometer (9) includes disper- 55 
sion means comprising an array of light-sensitive 
photodetectors for selectively measuring the inten- 
sities of reflected light at the wavelengths to \. 
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9. The apparatus according to claim 7 or 8, character- 
ized in that the calculation means (10) are adapted 
to perform the calculation of the respective meat 
property (C), preferably the concentration of a sub- 
stance of interest comprised in the meat, in accord- 
ance with the following equation: 

C = k Q + + k2*R2 + ^3*^3 — 

wherein 

Rj, R 2 , R3, .... R n are the intensities of reflected 
light measured at the respective wavelengths 

^3> ■• • ^71 1 

and 

k©, k v kg, k 3 , are predetermined con- 
stants. 

10. The apparatus according to one of claims 7 to 9, 
characterized in that the calculation means (10) 
and/or the output means (11 ) are designed such as 
to perform a classification of the measured meat 
pieces on the basis of the calculated values of the 
meat property (C) and/or to transmit control signals 
for controlling the transport route of the measured 
meat pieces and/or to actuate a marking or printing 
device for marking the meat pieces and/or to display 
the respective values of the meat property (C). 

Patentanspruche 

1. Verfahren zur photometrischen Bestimmung der 
Konzentration einer oder mehrerer Substanzen in 
einem Fleischstuck, das folgende Schritte umfaGt: 

Beleuchten einer Fleischoberflache, 

Messen der Intensitat des von der Fleischober- 
flache reflektierten Lichts bei einer Vielzahl ver- 
schiedener Wellenlangen bis XJ in einem 
vorbestimmten Wellenlangenbereich und 

Berechnen der Konzentration einer Substanz 
auf der Basis der gemessenen I ntensitaten des 
reflektierten Lichts ^ bis R n ) gemaG einem Al- 
gorithm us mit mehreren Variablen, 

dadurch gekennzeichnet, daB 

eine Sonde in das Fleischstuck, dessen Gehalt 
gemessen werden soil, hineingesteckt wird, 
wobei die Sonde mit einem Fenster, einem er- 
sten Satz optischer Fasern, mit den en das 
Fleisch auGerhalb des Fensters beleuchtet 
wird, und einem zweiten Satz optischer Fasern 
ausgestattet tst, die das von der Fleischober- 
flache reflektierte Licht durch das Fenster zu ei- 
nem die Lichtintensitaten bei verschiedenen 
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Wellenlangen aufzeichnenden Spektralphoto- 
meter leiten, 

die Intensitaten des reflektierten Lichts (F^ bis 
R n ) bei verschiedenen Wellenlangen auf einer 
Fleischoberflache gemessen werden, die 
durch das Hineinstecken der Sonde in das 
Fleisch erzeugt wird, 

die aufgezeichneten Intensitaten ein Berech- 
nungsprogramm in einem Computer ubertra- 
gen und in einen Algorithmic mit mehreren Va- 
riablen eingesetzt werden, der die Konzentra- 
tion der Substanz angibt, und 

die Konzentration berechnet wird. 


R-|, 1^2' ^3 


R n die Intensitaten des bei den 


einzelnen Wellenlangen ^, X3, .... ^ ge- 

messenen reflektierten Lichts, 

und 

ko, k-,, k 2 , k 3 ... vorbestimmte Konstanten. 

Verfahren nach einem der Anspruche 1 und 2, da- 
durch gekennzeichnet, daB die Intensitaten des re- 
flektierten Lichts (R, bis R n ) bei 30 oder mehr Wel- 
lenlangen bis \) gemessen werden. 

Verfahren nach einem der Anspruche 1 bis 3, da- 
durch gekennzeichnet, daB die Intensitaten des re- 
flektierten Lichts (R 1 bis R n ) bei Wellenlangen (k, 
bis XJ in einem Wellenlangenbereich von minde- 
stens 100 nm und vorzugsweise mindestens 200 
nm gemessen werden. 

Verfahren nach einem der Anspruche 1 bis 4, da- 
durch gekennzeichnet, daB die Intensitaten des re- 
flektierten Lichts (R 1 bis R n ) bei verschiedenen Wel- 
lenlangen (X, bis \) gemessen werden, die einen 
kontinuierlichen Wellenlangenbereich umfassen 
und die vorzugsweise annahernd gleichmaBig Ober 
den vorbestimmten Wellenlangenbereich verteilt 
sind, wobei jede Wellenlange (k, bis X n ) vorzugs- 
weise ein Wellenlangenband mit einer Breite von 1 
bis 20 nm darstellt. 

Verfahren nach einem der Anspruche 1 bis 5, da- 
durch gekennzeichnet, daB der vorbestimmte Wel- 
lenlangenbereich mindestens teilweise im Bereich 
des sichtbaren Lichts und/oder mindestens teilwei- 
se im nahen NIR-Bereich liegt. 
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Verfahren nach Anspruch 1 , dadurch gekennzeich- 
net, daB die Konzentration in Schritt II gemaB der 
folgenden Gleichung 20 

C = k Q + k.j *R^ + k^*R2 + ^3*^3 ^n'^n 

berechnet wird, worin bedeuten: 
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Vorrichtung zur photometrischen Bestimmung der 
Konzentration einer oder mehrerer Substanzen in 
einem Fleischstuck, die umfaBt: 

Einrichtungen (4, 6, 7) zur Beleuchtung einer 
Fleischoberflache und zur Messung der Inten- 
sity des von der Fleischoberflache bei einer 
Vlelzahl verschiedener Wellenlangen bis 
in einem vorbestimmten Wellenlangenbe- 
reich reflektierten Lichts, 
Berechnungseinrichtung (10) zur Berechnung 
der Konzentration einer Substanz auf der Basis 
der gemessenen Intensitaten des reflektierten 
Lichts (Rt bis R n ) und 

Ausgabeeinrichtung (11) zur Ausgabe und/ 
oder Anzeige einer berechneten Konzentration 
oder eines entsprechenden Signals, 

dadurch gekennzeichnet, daB sie umfaBt: 

eine Sonde (3), die dafur vorgesehen und ent- 
sprechend geformt ist, in ein Fleischstuck hin- 
eingesteckt zu werden, dessen Gehalt gemes- 
sen werden soli, wobei die Sonde (3) mit einem 
Fenster (4) ausgestattet ist, 
einen ersten Satz optischer Fasern (7), die am 
einen Ende optisch mit einer Lichtquelle (6) und 
am anderen Ende optisch mit dem Fenster (4) 
verbunden sind, zur Beleuchtung der Fleisch- 
oberflache, die durch das Hineinstecken der 
Sonde (3) in das Fleisch erzeugt wird, 
einen zweiten Satz optischer Fasern (8), die am 
einen Ende optisch mit dem Fenster (4) zur Auf- 
nahme des von der Fleischoberflache reflek- 
tierten Lichts verbunden sind und die am ande- 
ren Ende optisch mit einem Spektralphotome- 
ter (9) verbunden sind, das selektiv die Lichtin- 
tensitaten bei verschiedenen Wellenlangen 
aufzeichnet, 

einen Computer (10), der mit der Ausgabe des 
Spektralphotometers verbunden ist, zur Auf- 
nahme der aufgezeichneten Intensitaten, die 
bei verschiedenen Wellenlangen bis ge- 
messen wurden, zum Einsetzen der Werte in 
einen Algorithmus mit mehreren Variablen, der 
die Konzentration der Substanz angibt, und zur 
Durchfuhrung der Berechnung. 

Vorrichtung nach Anspruch 7, dadurch gekenn- 
zeichnet, daB das Spektralphotometer (9) ein Di- 
spersionselement einschlieBt, das eine Anordnung 
lichtempfindlicher Photodetektoren zur selektiven 
Messung der Intensitat des reflektierten Lichts bei 
den Wellenlangen X A bis \ aufweist. 

Vorrichtung nach Anspruch 7 oder 8, dadurch ge- 
kennzeichnet, daB die Berechnungseinrichtung 
(10) an die Durchfuhrung der Berechnung der je- 


9 


17 


EP 0 402 877 B1 


18 


weiligen Fleischeigenschaft (C), vorzugsweise der 
Konzentration einer In dem Fleisch enthaltenen in- 
teressierenden Substanz, gemaB der folgenden 
Gleichung 

C = k Q + + k 2 *R2 + kg'Rg + — k n *R n 
angepaBt ist, worin bedeuten: 

R lt R 2 , R 3 , ... R n die Intensitaten an reflektier- 

tem Licht, gemessen bei den jeweiligen Wei- io 2, 

lenlangen X,^^, .... X ni und 

ko, k v k 2 , k 3 ... k„ vorbestimmte Konstanten. 

1 0. Vorrichtung nach einem der Anspruche 7 bis 9, da- 15 
durch gekennzeichnet, daB die Berechnungsein- 
richtung (10) und/oderdie Ausgabeeinrichtung (11) 
so konstrulert sind, daB sie eine Klassiflzierung der 
gemessenen Fleischstucke auf der Basis der be- 
rechneten Werte der Fleischeigenschaft (C) durch- 20 
fuhren und/oder Kontrollsignale zur Kontrolle der 
Transportwege der gemessenen Fleischstucke 
ubertragen und/oder elne Markierungs- oder 3. 
Druckvorrichtung zur Markierung der Fleischstucke 
betatigen und/oder die jeweiligen Werte der 25 
Fleischeigenschaft (C) anzeigen. 


Revendications 

30 

1. Precede de determination photometrique des con- 
centrations d'une ou de plusieurs substances dans 
un morceau de viande, consistant a : 

5. 

eclairer une surface de la viande, 35 
mesurer I'intensite de la lumiere r6fl6chie par 
la surface de la viande pour une plurality de lon- 
gueurs d'onde differentes (X^ a X n ) dans une 
gamme predetermin6e de longueurs d'onde, et 
calculer la concentration d'une substance sur 40 
la base des intensites mesurees de la lumiere 
r6fl6chie (R-, a R n ) en fonction d'un algorithme 
a variables multiples, 

caract6ris6 en ce que 45 6. 

on introduit une sonde dans le morceau de 
viande dont le contenu doit etre mesure, ladite 
sonde etant pourvue d'une fenetre, un premier 
ensemble de fibres optiques eclairant la viande so 
a PexteYieur de ladite fenetre, et un second en- 7. 
semble de fibres optiques guidant la lumiere re- 
flechie par la surface de la viande a travers la 
fendtre jusqu'a un spectrometre enregtstrant 
les intensites lumineuses pour differentes Ion- 55 
gueurs d'onde, 

on mesure, pour differentes longueurs d'onde, 
sur une surface de la viande, les intensites de 


la lumiere r6flechie (R-| a R n ) resultant de I'in- 
sertion de la sonde dans la viande, 
on envoie les intensites enregistrees a un pro- 
gramme de calcul dans un ordinateur et on les 
introduit dans un algorithme a variables multi- 
ples exprimant la concentration de la substan- 
ce, et 

on calcule la concentration. 

Proc6de selon la revendication 1 , caract6ris6 en ce 
qu'on calcule la concentration lors de I'etape II con- 
formement a la relation suivante : 

C — k Q + k^ .R^ + + ^3*^3 — ^n'^n 

dans laquelle 

R 1t R 2 , R 3 , ... R n sont les intensites de la lumie- 
re reflechie mesurees pour les longueurs d'on- 
de respectives ^ , A^, A3, ... A n , et 
ko, k v k 2 , k 3 , ... ^ sont des constantes pr6de- 
terminees. 

Proced6 selon I'une des revendications 1 ou 2, ca- 
racterise en ce qu'on mesure les intensites de la lu- 
miere reflechie a R 2 ) pour 30 longueurs d'onde 
ou plus (X^ a XJ. 

Proced6 selon Tune quelconque des revendications 
1 a 3, caracterise en ce qu'on mesure les intensites 
de la lumiere reflechie (Rj a R n ) pour des longueurs 
d'onde (X^ a X n ) situ6es dans une gamme d'au 
moins 1 00 nm et de preference d'au moins 200 nm. 

Procede selon Tune quelconque des revendications 
1 a 4, caract6ris6 en ce qu'on mesure les intensites 
de la lumiere reflechie (Rj a R n ) pour differentes 
longueurs d'onde (X^ a X^) qui incluent une gamme 
continue de longueurs d'onde et sont de preference 
reparties de maniere approximativement uniforme 
dans ia gamme pr6d6termin6e de longueurs d'on- 
de, chacune des longueurs d'onde (X A a X n ) repre- 
sentant de preference une bande de longueurs 
d'onde possedant une largeur de 1 a 20 nm. 

Procede selon I'une quelconque des revendications 
1 a 5, caract6rise en ce que la gamme predetermi- 
ned de longueurs d'onde fait au moins partie de la 
gamme de la lumiere visible et/ou fait au moins par- 
tie de la zone de la gamme du proche infrarouge. 

Dispositif pour la determination photometrique de 
la concentration d'une ou plusieurs substances 
dans un morceau de viande, comprenant : 

des moyens (4,6,7) pour 6clairer une surface 
d'une viande et pour mesurer P intensity de la 
lumiere reflechie par la surface de la viande 
pour une plurality de longueurs d'onde diff6ren- 
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tes a X n ) dans une gamme pr6d6termin6e 
de longueurs d'onde, 

des moyens de calcul (10) pour calculer la con- 
centration d'une substance sur la base des in- 
tensites mesur6es de la lumiere reflechie (R, a 5 
R n ), et 

des moyens de sortie (11) pour deiivrer et/ou 
afficher une concentration calcuiee ou un si- 
gnal correspondant, caracteris6 en ce qu'il 
comprend to 
une sonde (3) qui est d6termin6e et conformee 
de maniere a etre ins6r6e dans un morceau de 
viande, dont le contenu doit etre mesure, ladrte 
sonde etant pourvue d'une fen§tre (4), 
un premier ensemble de fibres optiques (7), ts 
connecte optiquement par une extremite a une 
source de lumiere (6), I'autre extremite etant 
connect6e optiquement a la fen etre (4) pour 
6clairer la surface de la viande sous Teffet de 
I'insertion de la sonde (3) dans la viande, 20 
un second ensemble de fibres optiques (8), 
connectees optiquement par une extremite a la 
fenetre (4) pour recevoir la lumiere r6fl6chie par 
la surface de la viande, I'autre extremity etant 
connectee optiquement a un spectrophotom6- 25 
tre (9) en registrant de facon selective les inten- 
sity lumineuses pour difterentes longueurs 
d'onde, 

un ordinateur (10) connecte a la sortie du spec- 
trophotometre pour recevoir les intensites en- 30 
registries mesur6es pour diff6rentes lon- 
gueurs d'onde a X n ), pour I'insertion des va- 
leurs dans un algorithme a variables multiples 
exprimant la concentration de la substance, et 
pour ex6cuter le calcul. 35 

8. Dispositif selon la revendication 7, caracteris6 en 
ce que le spectrophotometre (9) comprend des 
moyens de dispersion comportant un reseau de 
photodetecteurs photosensibles pour mesurer de 40 
facon selective les intensites de la lumiere reflechie 
pour les longueurs d'onde a X n ). 

9. Dispositif selon la revendication 7 ou 8, caracterise 

en ce que les moyens de calcul (10) sont adaptes 45 
pour executer le calcul de la propriety respective (c) 
de la viande, de preference la concentration d'une 
substance a laquelle on s'int6resse et qui est con- 
tenue dans la viande, conform em ent a la relation 
suivante : so 

C = kg + k^ .R^ +- kg.Rg + ^3^3 ^n'^n 

dans laquelle 

R v R 2 , R 3 , ... R n sont les intensites de la lumie- ss 
re reflechie mesur6es pour les longueurs d'on- 
de respectives A 1 , Xg, X 3 , ... X n , et 
ko, k t , k 2 , k 3 , ... kn sont des constantes pr6d6- 
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termin6es. 

10. Dispositif selon Tune des revendications 7 a 9, ca- 
racterise en ce que les moyens de calcul (10) et/ou 
les moyens de sortie (11) sont concus de maniere 
a ex6cuter une classification des morceaux de vian- 
de mesur6s sur la base des valeurs calcul6es de la 
propriete (C) de la viande et/ou transmettre des si- 
gnaux de commande pour commander le trajet 
d'acheminement des morceaux de viande mesures 
et/ou actionner un dispositif de marquage ou d'im- 
pression pour marquer les morceaux de viande et/ 
ou afficher les valeurs respectives de la propriete 
(C) de la viande. 
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